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[57] ABSTRACT 

A utility monitor for detecting and storing power line 
disturbances is provided which includes peak-voltage 
sensing means for over-voltages which provides an 
interrupt signal at the time of a strobe pulse indicative of 
a voltage rise above a preset threshold and which re- 
moves the interrupt signal when said peak voltage drops 
a preselected amount below the preset threshold value. 
A peak-voltage sensing means for under-voltages is also 
included for obtaining an interrupt output at the time of 
said sttobe pulse indicative of a voltage drop below a 
preset threshold and for removing the interrupt output 
when said peak-voltage rises a preset amount above the 
preselected threshold value. A preselected number of 
cycles of said input sinewave voltage are stored before 
and after said interrupt. 

8 Claims, 5 Drawing Figures 



-13 



OV R£f. 



DAC 



12- 
*3- 



PEAK 






VOLTAGE 




LATCH 


SENSOI 







CATE 



IT 



OV 
INTERRUPT 





TRANSFORMER 




TIMING 




1 




PUUE 




RECTIFIER 




GENERATOR 



* STROBE 
PULSE 



GATE 



24 



AMAW Slflfflff 



PEAK 
VOLTACE 
SENSOR 



LATCH 



03 02 

Lb 



CATf 



-02 

*03 

INTERRUPT 
2 CO 



UV INTERRUPT 



34 



F/F 



VCO PHASE 
LOCKED 
LOOP 



ENABLE 



30 



SAMPLE 

K010 



IBIT 
A/0 
CONV. 



144 

STACE 
SR 



DIGITIZED 
SINEWAVE 



*C0 



INTERRUPT 



OAC 



UV 

REFERENCE 



-02 
-03 



RESET 



COUNTER 
t 

CONTROL 
I 

42 



JUL 



REC 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent May 22, 1979 Sheet 1 of 5 4,156,280 




11/24/2003, EAST Version: 1.4.1 



U.S. Patent May 22, 1979 sheet 2 of 5 4,156,280 



FIG. 2 a 



63 



65 



,14 




DAC 



|~"|— N^r- 



(OVJREF. 
DIGITAL 
INPUT 



02 20 



» is^ t>C 70 1 to r^W 




90° 
STROBE 
IJfKPULSE 



81 



76o 
, 10.7 K 

1 83 1 




83' -L T <80 
I 80a 

(UVJ REF. 

DIGITAL L_. 
INPUT 

A 



_ 79 



^ 



DAC 



24 



J^L — f »fc\J 8 7 



LATCH 



EK 1 



■ 28 



_J 



•82 



FROM 02 h 
FROM 03 



+5 
22? 

s? 

INTERRUPT" 

„ 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



May 22, 1979 



Sheet 3 of 5 



4,156,280 



-~ DIGITIZED 

* SINE 

* WAVE 




iTT 

1+5 -12 

T-^\1 SHIFT 

PjOH— > REGISTER 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent May 22, 1979 Sheet 4 of 5 4,156,280 




11/24/2003, EAST Version: 1.4.1 



U.S. Patent May 22, 1979 Sheet 5 of 5 4,156,280 




11/24/2003, EAST Version: 1.4.1 



4,i56>280 

1 2 

IP _ T __ w -^ fW ^ „ timing means generator generates strobe pulses which 

^^™AT™ R . F0R DEracnN G AND are used to sample the input sinewaves at their peaks. 

STORING POWER LINE DISTURBANCES An , over-voltage, peak-voltage sensing means generates 

BACKGROUND OF THE INVENTION m ^^P 1 output at the time of the strobe pulse which 
. 3 is indicative of a voltage rise above a preset threshold. 

The invention relates to a utility monitor for detect- The interrupt signal is removed when the peak voltage 

ing and storing power line disturbances and, more par- drops a preselected amount below the preset threshold 

ticularly, to a utility monitor having a built-in differen- value. Likewise, an under-voltage, peak-voltage sensing 

tial between over-voltage triggering and resetting and means is provided for obtaining an interrupt output at 
under-voltage triggering and resetting and providing 10 the time of the strobe pulse indicative of a voltage drop 

storage of a preselected number of cycles of said input below a present threshold and removes the interrupt 

sinewave voltage before and after the detected power output when the peak-voltage rises a preselected 

line disturbance. amount above the preset threshold value. A preselected 

In data processing systems the machines often require number, of cycles of the input sine wave voltage are 
checking because of some detected problem. Very often 15 stored before and after the interrupt 

there is no obvious cause of the problem and the service Another feature of the invention is the use of a digi- 

man logs the call in as no-trouble-found. In many cases tal-to-analog converter to set the threshold reference, 

the utility line is suspect Accordingly, the cause of This allows the reference to be easily changed to practi- 

machine problems can be traced by detecting line dips cally any value from a remote source, 
or over-voltages and storing the waveshape before and 20 It is an object of the present invention to provide an 

after the fact, thereby, retaining valuable diagnostic improved utility monitor for detecting and storing 

information. , power line disturbances for a one or more phase input 

A problem with high gain sensors as used in utility power line, 

monitors is that they respond erratically to the fluctua- It is another object of the present invention to pro- 
tion of voltages being sensed at the threshold switching 25 vide a utility monitor in which threshold indecision is 

point. This has become known as the threshold switch- prevented by providing over-voltage and under-voltage 

ing indecision. This problem has been solved in prior resets at preselected amounts below and above the 

utility monitors by using a small amount of positive threshold values, respectively, 

feedback around an operational amplifier, which is uti- It is a further object of the present invention to pro- 
Iked to do the comparison between the voltage being 30 vide a utility monitor which simply and inexpensively 

monitored and the threshold, to introduce an offset or stores a preselected number of cycles of the input sine 

differential between the setting and resetting thresholds. wave voltage before and after the interrupt thereby 

This threshold setting and resetting differential or hys- providing diagnostic information, 

teresis, as it is called, is practical for only relatively It is yet another object of the present invention to 

small differentials and is not always suitable where a 35 provide a utility monitor in which the over-voltage and 

large set-reset differential and a variable reference are under-voltage threshold settings can be automatically 

desired. , adjusted to new settings from a remote location. 

When utility monitors are used to monitor voltages of 

quite different values, the threshold setting must be BRIEF DESCRIPTION OF THE DRAWINGS 
changed accordingly. This has been previously accom- 40 FIG. 1 is a block diagram illustrating the inter connec- 
plished by providing a rotary switch arrangement tions of one phase of a multi-phase utility monitor, 
which is capable of selecting a number of threshold FIGS. 2a and 2b are schematic diagrams showing the 
levels for operation of the utility monitor with specific blocks of the utility monitor of FIG. 1 in more detail, 
voltage level inputs. Of course, a large number of FIG. 3 is a schematic representation showing the 
threshold settings require an equally large number of 45 waveforms associated with the over-voltage, peak-volt- 
rotary switch positions. age sensor of FIG. 2a. 

The prior art utility monitors have, in some cases, just FIG. 4 is a schematic representation showing the 

kept track of the interrupt within a counter and subse- waveforms associated with the under-voltage, peak- 

quently compared their time of occurrence with the voltage sensor of FIG. 2b. 

time of occurrence of the machine problem to deter- 50 A „ „^ k 

mine if the problem was a utility line problem or an ^^^Bi^HiS^ THB 

actual machine fault. Where it is desired to do more PREFERRED EMBODIMENT 

than just capture utility interrupts within a count dis- Referring to FIG. 1, there is shown a block diagram 

play arrangements have been provided, such as cathode of the utility monitor for one phase of a utility line input, 

ray tubes, where photographs are taken of the scope 55 The arrangement which provides the detection and 

which includes the waveform before and after the inter- . storage function of an over or under-voltage, is dupli- 
rupt. Of course, more elaborate schemes such as tape . dated for each phase of the multiphase input line, 

recording outputs have been provided to obtain a trace " whereas the digital-to-analog converters (DAC repre- 

of the voltage fluctuation before and after the interrupt. , sented by blocks 16 and 26 and the gates 20, 22 and 30 

These arrangements are expensive and do not lend 60 are common to all phases. The utility line voltage is 

themselves to a simple built-in utility monitor in a data . transformer coupled to the utility monitor by a step 

processing system. down transformer and rectifier circuit arrangement 10. 

cnwwADv np THp' tmvfntton The sine wave volta S es « connected to timing pulse 

SUMMARY OF THE INVENTION generator 12 which generates a zero-crossover (2CO) 

A utility monitor is provided for detecting and stor- ,65 pulse at the time the voltage crosses the zero axis and a 

ing power line disturbances on a one or more phase strobe pulse 90V after zero-cross-over for sampling the 

power input line: The sine wave vol tages on the power peak-voltage in peak-voltage sensors 14 and 24. The 

line are transformer coupled to the utility monitor. A rectified input voltage is applied to the peak-voltage 
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sensors 14 and 24 where the peak is sampled via the 90° the sine wave crosses the zero axis. The zero-cross-over 
strobe pulse. The digital-to-analog converter 16 con- pulse generator consists of two high gain comparators 
verts the digitized over-voltage reference to an analog 55 and 57, each having an invert (— ) and a non-invert 
voltage which is compared to the rectified voltage in (+) input terminal. 

peak voltage sensor 14. If the voltage is over the preset 5 The comparators 55 and 57 derive both of their (+) 
threshold or reference, the latch 18 is set which pro- inputs from the center tapped transformer Tl. Trans- 
duces an over- voltage interrupt signal through gates 20 former Tl represents one phase of a three phase trans- 
and 22. It should be noted that the gate 20 also gates the former. The inverting inputs (— ) are offset from the 
interrupt output from the latches of phases 2 and 3 of zero volt position by a small negative, voltage derived 
the utility monitor. An under-voltage interrupt is ob- io from the setting of potentiometer 33. The setting of this 
tained somewhat the same way. The strobe pulse from potentiometer 33 also sets the pulse width of the zero- 
the timing pulse generator 12 times the comparison of cross-over pulse. The more negative the voltage estab- 
the rectified input voltage, from the utility line via lished by potentiometer 33 the wider the pulse width, 
transformer 10, with the reference set by the digital-to- This small negative voltage establishes the voltage ref- 
analog converter (DAC) 26. When the peak- voltage IS erence Vr for each of the comparators 55 and 57. Resis- 
input drops below the reference, latch 28 is set giving an tors 35, 37, 39, 41 and diodes 43, 45, 47 and 49 divide 
under-voltage interrupt signal which passes through down and clamp the transformer voltage to compatible 
gate 30 and gate 22. Similarly, the under-voltage signal levels. In operation, the outputs of comparators 55 and 
from corresponding latches of phases 2 and 3 of the 57 are in phase with their (positive) inputs. Therefore, 
utility monitor are gated through gate 30 providing an 20 when the (+) inputs applied to comparators 55 and 57 
interrupt signal. Gate 22 passes these over-voltage and are more positive then the negative reference Yr, the 
under-voltage interrupt signals from each phase of the outputs are at an up-level (+5 V), and when the (+) 
multi-phase input Each phase interrupt signal is con- inputs are more negative then the reference Vr, the 
nected from gate 22 to a respective counter and control outputs are at a down-level (OV). It should be noted that 
42 where each interrupt signal starts a counter counting 25 the comparator inputs to the (+) terminals are 180° out 
up to 14. Referring again to the phase 1 arrangement of phase with one another due to the transformer action, 
shown in FIG. 1, the zero-cross-over pulses from the The outputs of the comparators 55 and 57 are connected 
timing pulse generator 12 are fed to flip-flop 32 which together via line 44. The comparators that were utilized 
generates a square wave equal to line frequency. The have an open collector transistor for outputs which 
phase-lock-loop generates a square wave that is exactly 30 causes the comparator with a down-level output to 
12 times the frequency of flip-flop 32. This provides the dominate. Therefore, the output on line 56 is always a 
timing ancV accordingly, enables the eight bit analog-to- down-level except at the ZCO point where the inputs to 
digital converter 38 to sample the line twelve times for both comparators are more positive than Vj?. At this 
each cycle. The analog sine wave is obtained from time, a positive pulse is generated with a pulse width 
transformer 10 and fed to sample and hold circuit 36. 35 determined as mentioned above by the Vr setting. 
The eight bit analog-to-digital converter 38 samples the The zero-cross-over (ZCO) pulse produced from 
sine wave every 30*, thus, 12 times per cycle. This eight comparators 55 and 57 of the zero-cross-over pulse 
bit digital word is fed as an input to a shift register 40 generator 54 is connected serially to a first and a second 
which has 144 stages such that when the shift register is single shot circuit 58 and 60. Single shot 58 provides a 
full a further input or the 145th input will cause the first 40 delayed trigger pulse to single shot 60. The delay is 
input to shift but The seven cycle counter of the selected to give a strobe pulse output from single shot 
counter and control circuit 42 is started by the receipt of 60 which occurs 90° after the zero-cross-over puke, 
an interrupt After seven cycles, the counter output The strobe pulse should occur at the peak of the sinusoi- 
blocks the shift register clock pulse and puts the shift dal voltage input 

register in the recirculate mode so that we. have five 45 The over-voltage, peak-voltage sensor 14 has two 
cycles of information before the interrupt and seven comparators 62 and 68 each having an invert (— ) and a 
following the interrupt Thus, valuable diagnostic infor- non-invert (+) terminal. The operation of these com- 
mation is stored in the shift register. parators is such that a down level output is produced as. 

Further details on the inventive features in the above long as the non-inverting input is more negative than 
described utility monitor will be given below. Particu- 50 the inverting input As soon as the non-inverting input 
larly, in the detailed way that the peak-voltage sensors becomes more positive than the inverting input, an 
14 and 24 operate and, more particularly, the way the up-level output is produced. 

threshold indecision is removed. Also, details will be Another way of looking at the operation of the pair of 
given on the combination of the digital-to-analog con- comparators is to consider an output, that is an up-level, 
verter with the peak-voltage sensors 14 and 24 to set the 55 being produced whenever the polarity indicated on the 
reference when a new voltage or different, voltage refer- comparator is obtained. Comparator 62 of the peak- 
ence threshold is required. Some further details of the voltage sensor 14 has the over-voltage reference ap- 
counter and control 42 as well as further details of the; plied to its minus or inverting terminal. This over-volt- 
overall storage operation are provided in the following age reference is obtained from a digital-tp-analdg con- 
description of some of the pertinent circuits in the 60 verter (DAC) 63 which receives a digital input from a 
above-mentioned blocks. remote source and converts it into a voltage which 

Referring to FIG. 2a, phase 1 of a three phase utility serves as the threshold reference for the over-voltage, 
line input is shown connected to the input of trans^ peak-voltage sensor. The other input to comparator 62 
former Tl. The transformer Tl steps down the voltage is obtained from the stepndown transformer Tl and, 
which is subsequently full wave rectified by diodes 50 65 after being full wave rectified by diodes 50 and 52 and 
and 52. The timing pulse generator 12 includes a zero- divided down by resistors 64 and 65. is applied to the 
cross-over pulse generator 54 which generates a pulse non-inverting terminal, the (+) terminal of the compar- 
output on output line C— C and output line 56 each time ator 62. The voltage level of the signal is determined by 
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the value of the precision resistor-divider-network 64 representing an over-voltage from any phase is con- 

and 65. Capacitors &ta and 69a filter out high frequency nected to a NOR gate 22. 

n °* s e. The under-voltage, peak-voltage sensor 24 operates 
Similarly, comparator 68 receives the over-voltage on the same principle as that given for the over-voltage, 
reference input from the digital-to-analog converter 63 5 peak-voltage sensor 14. The sinewave to be monitored 
as an input, but at the non-inverting terminal (+). The is full wave rectified in diodes 50 and 52 and is divided 
input waveform being monitored after being rectified down by resistors 76 and 81 and applied to the inverting 
by diodes 50 and 52 and divided down by resistors 66 (-) terminal of comparator 78. The same rectified sinu- 
and 69 is applied to the minus terminal of comparator soidal varying voltage is applied to the plus terminal of 
68. It should be noted that the resistor 66 has a lower 10 comparator 79 after being divided down by precision 
value than the resistor 65. Thus, the voltage applied to resistors 80 and 83. The capacitors 76ar and 80a filter out 
the minus terminal of comparator 68 is larger than that high frequency noise. The voltage differential or hyste- 
applied to the plus terminal of comparator 62, the differ- resis is obtained from the different values of the resistors 
ence being detennined by the difference in resistor val- in the resistive divider network in the comparator input 
ues. This difference can best be seen in waveform A and 15 lines. For example, resistor 81 in the input line to the 
waveform B of FIG. 3. The reference VR is the same on minus terminal of comparator 78 is 10.2 k ohms whereas 
both waveforms and the difference in voltage level of the resistor in the input line to the plus terminal of com- 
the waveform being monitored is shown by the higher parator 79 is 10.7 k ohms. The smaller resistor resulting 
voltage Vb of waveform B than the voltage Va of wave- in the larger voltage as can be seen by a comparison of 
form A. The important thing to note here is that the 20 the waveforms A and Bt as shown in FIG. 4. The under- 
waveform A exceeds the reference Vr at the third and voltage reference is obtained from a digital-to-analog 
fourth cycle. This means that the polarity shown on converter 82 which accepts the under-voltage reference 
comparator 62 is obtained when the third and fourth in digital form and converts it to a corresponding ana- 
cycle of the voltage being monitored exceed the refer- log voltage reference level. This voltage reference level 
ence Vr and, accordingly, comparator 62 produces an 25 is applied to the plus terminal of comparator 78 and to 
output at both these times as represented by the wave- the minus terminal of comparator 79. Keeping in mind 
form C. The 90* strobe pulse previously obtained is the above-described operational characteristics of the 
applied as one input to each of N AND gates 70 and 71. comparators, that is, that an up-level or positive output 
If the output from comparator 62 is an up-level, indicat- will be obtained from a comparator when the actual 
ing that the voltage Va is above the threshold V*, and 30 voltage input relation corresponds to the polarity as 
the strobe pulse is present, output pulses are produced indicated on the comparator. In the case of comparator 
as shown on waveform D in FIG. 3. These pulses cause 78, an up output will be obtained when the voltage 
a latching or setting of the interrupt latch 18. The reset- being monitored goes below the reference voltage level, 
ting is accomplished by the coincidence of an up level When the voltage being monitored goes above the ref- 
output from comparator 68 and the 90* strobe pulse. As 35 erence voltage in comparator 79 an up output is pro- 
can be seen from waveform B and waveform E, the duced. 

polarity shown for comparator 68 is obtained and is To aid in the understanding of the operation of these 
denoted by the up-level of waveform E. When the po- comparators the characteristic waveforms are shown in 
larity changes, that is the voltage V* of the waveform B FIG. 4. Threshold Vr is established by the under-volt- 
goes above the voltage reference Vr, a down-level is 40 age reference and, accordingly, comparator 78 pro- 
obtained as indicated in waveform E on FIG. 3 for the duces an up-level, see waveform C, as long as the volt- 
cycles 3, 4 and 5. The NAND gate 71 produces an age Va being monitored is below the reference voltage 
output pulse (waveform F) each time a strobe pulse is Vr, that is, Va is less than V*. As soon as the polarity 
received coincident with the up-level output from com- changes, that is, when Va is larger than Vr a negative 
parator 68. These pulses are applied to the reset terminal 45 output is obtained. Accordingly, where Va goes below 
of latch 18 but have no effect unless the latch is in the set Vr as can be seen in the third and fourth cycle, the 
condition. The different voltage levels of waveforms A output waveform C should then be at the positive or 
and B determine a different threshold reset. For exam- up-level. At the time of the strobe pulse and the up-con- 
ple, the fifth cycle of waveform A has dropped below dition of the output from comparator 78, output wave- 
tbe over-voltage reference Vr and in the prior art 50 form F is obtained which is a negative pulse due to the 
would cause a reset of the interrupt latch. However, in inverting caused by the NAND circuit 84. These wave- 
the two comparator arrangement as described above, form F output pulses are used to set latch 28. The reset 
the voltage V* of the fifth cycle of waveform B is still comparator 79, as mentioned previously, receives the 
above the voltage reference Vr and accordingly, does input voltage wave being monitored at the positive 
not cause the reset until the over-voltage has improved 55 terminal and the under-voltage reference voltage at the 
by an amount determined by the voltage differential minus terminal. As long as V^is smaller than the refer- 
between the inputs to the two comparators. Thus, the ence Vr a down level exists at the output of comparator 
reset is obtained at the time of the next strobe pulse 79, as can be seen in waveform D. When V^exceeds the 
which is coincident with a voltage peak Vb which is threshold reference value Vr, a positive output is ob- 
below the reference Vr. In the case shown in waveform 60 tained. The positive pulses shown in waveform D corre- 
B, FIG. 3, this would be the sixth cycle. This built-in spond to those voltage peaks which go above the Vr 
reset differential or hysteresis prevents threshold indeci- reference. The coincidence of the 90° strobe pulses and 
sion caused when the reset is at the same threshold as the positive output pulses from the comparator 79 are 
the setting threshold. The output from latch 18 repre- ANDed together at NAND circuit 86 which gives an 
senting an over-voltage is applied to NAND gate 20. 65 inverted output shown in waveform G. These pulses are 
The latch outputs representing over-voltage from simi- used to reset the latch 28. If latch 28 is already in the 
lar detectors for phase 2 and 3 are gated with the phase reset state these pulses have no effect. In the example 
1 input at NAND gate 20. The output of NAND gate 20 shown by the waveforms in FIG. 4, the latch is set by 
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the first negative pulse of waveform F and is not reset of the eight bit analog-to-digital circuit and single shot 

until the last negative pulse of waveform G. The latch 102. 

output when in set status, is represented as a down-level The zero-cross-over pulses identified as C— C are 

waveform L. This latch output is gated through NAND connected into a single shot 96 for pulse shaping from 

circuit 30, which because of its inverting characteristic 5 whence they are connected into the control for the 

gives an up-level latch signal to NOR circuit 22 which counter 89. In addition, these zero-cross-over pulses 

also provides an inverted output, that is a low or down- trigger flip-flop 92 the output of which is a square wave 

level output which represents the interrupt. It should be having a frequency equal to line frequency and which is 

noted that phases 2 and 3 of the 3 phase power input are connected to phase detector 97 in phase locked loop 34. 

also connected to NAND circuit 30. An under-voltage 10 The phase detector 97 compares the phase of the input 

condition on any one of the three phases produces the signal from flip-flop 92 with a feedback signal on line 

under-voltage interrupt signal. 103 from the output of a voltage controlled oscillator or 

Twelve cycles of sinewave information in digital multivibrator. The feedback includes a divide by 12 

form are stored in a 144 stage long, 8 shift bit wide counter 99. The comparison in the phase detector 97 

register 40. This digital information is placed in the shift 15 between FF92 and divide X12 counter 99 outputs is 

register by an eight bit analog-to-digital converter 38 transformed into an error voltage representative of the 

which monitors the sinewave input every 30* and con- phase difference which, accordingly, locks oscillator 98 

verts it to an eight bit digital word which is sent to the to a frequency twelve times the line frequency. Thus, 

shift register 40. Every 30° a new word enters the shift we have an output from the VCM 98 which is exactly 

register 40 and, accordingly, on word exits. Therefore, twelve times the frequency of the square wave output of 

the information exiting the shift register is always flip-flop 92. The output of the VCM 98 is fed back to 

twelve cycles old or delayed by the time it takes for the the phase detector 97 as one of the inputs thereto 

144 stages to shift the data. After each conversion of through a counter 99. The counter 99 gives an output 

A/D converter 38 a down level end-of-convert signal is pulse for every 12 input pulses. In other words, the 

produced on output line 100. The negative transition of counter 99 divides by 12. The output from the voltage 

this output triggers single shot 102 which forms the controlled multivibrator 98, triggers SS 101 which 

clock pulse for shift register 40. Output 100 also con- forms the enabling pulses which are sent to the eight bit 

nects to the sample and hold block 36 to provide control analog-to-digital converter 38 to enable it to sample the 

signals. The analog sinewave is obtained from the trans- 3Q input every 30* or twelve times per cycle. Upon gener- 

former Tl shown in FIG. 2a This input is identified as ating an over-voltage or under-voltage interrupt on 

B B on FIG. lb. The analog sinewave is placed in a phase A of the power line input, the digital information 

sample and hold circuit 36. The sample voltages are representative of the waveform is stored in shift register 

applied to the eight bit analog-to-digital converter 38 40 such that there are five cycles of information pre- 

where the voltages are converted to digital information 35 ceeding the interrupt and seven cycles of information 

which, as previously mentioned, is sent to the shift reg- following the interrupt. This information is valuable for 

ister 40. When the interrupt signal identified as A— A in diagnostic purposes, especially where the input power 

FIG. lb is received from the output of NOR circuit 22, is being utilized to drive data processing equipment, 

flip-flop 88 is set which gates ZCO clock pulses to There is a shift register and associated control circuitry 
counter 89. The ZCO pulse identified as C— C are con- 40 for each phase of the power line input. In other words, 

nected through SS96 to AND circuit 91 via connector FIG. 2b is repeated for each phase. 

85. The up-level output of the flip-flop 88 is ANDed in While the invention has been particularly shown and 

AND gate 90 with the normally up output of the described with reference to a preferred embodiment 

counter 89 to produce an input to AND gate 91 which, thereof, it will be understood.by those skilled in the art 
when coincident with the positive zero-cross-over 45 that the foregoing and other changes in form and detail 

pulses, conditions AND gate 91 and increments counter may be made therein without departing from the spirit 

89. The counter is pulsed twice per cycle and reaches and scope of the invention, 

terminal count 7 cycles later. Upon reaching terminal What is claimed is: 

count, the counter 89 output switches low. The outputs 1. A utility monitor for detecting and storing power 
of AND gates 90 and 91 swich low and inhibit clock 50 line disturbances comprising: 

pulses to counter 89. The low output of counter 89 transformer means for coupling a sinewave voltage 

inhibits AND gate 92 and stops clock pulses to OR gate from the power lines; 

95 and the shift register 40. Simultaneous therewith this a timing means generator connected to said trans- 
output from the counter 89 at the terminal count places former means for generating zero crossover pulses 
the shift register into the recirculate mode via the con- 55 and strobe pulses, for timing and sampling the input 
nection 93, During this recirculate state the clock pulses sinewave voltage, respectively; 
are obtained from an external clock pulse source and a first and second pair of comparators coupled to said 
applied to AND gate 94. These are gated with the in- transformer means for sensing an over-voltage and 
verse of the counter output pulse and are fed to the shift an under-voltage, respectively; 
register via the OR circuit 95 to produce the shifting 60 a first and second reference voltage connected to an 
required for continual playback of the twelve cycles of input of each comparator of said first and second 
stored information in shift register 40. This stored infer- pair of comparators respectively; 
mation of course includes five cycles of normal line a voltage divider located in each input line connected 
voltage information and the seven cycles following the to the other input of each comparator of said first 
interrupt. A reset applied to flip-flop 88 resets counter 65 and second pair of comparators for modifying said 
89 which again places the shift register into a normal input sinewave voltage to a difference voltage for 
operating mode, that is, one where the clock pulses are each of said other inputs of said comparators of said 
continually received from OR circuit 95 under control first and second pair of comparators; 
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said first pair of comparators providing a set and reset time equal to 90* so that said strobe pulse occurs at the 

output when the modified input sinewave voltage F*ak of said sine wave voltage, 

exceeds and drops below said reference voltage *• £ utility monitor according to claim 1. wherein 

respectively* m ^ 1 m< ^ second reference voltages are obtained 

said second pair of comparators providing a set and 5 J~ ™ d second ^tal.to-analog converters re- 

reset output when the modified input sinewave 8p £ monitor according t0 claim 1> . wherein 

voltage drops below and exceeds said reference said means for storing a preS elected number of cycles of 

voltage respectively, the set and reset output from sa id input sinewave voltage before and after detecting a 

each pair of comparators being separated at least io power line disturbance includes a multi-word shift reg- 

by the difference in voltage provided by said volt- ister. 

age divider and obtaining an interrupt signal at the 6. A utility monitor according to claim 5, wherein 
time of said strobe pulse indicative of an input said sine wave input is sampled and held, and an analog- 
voltage rise above or below respective threshold to-digital converter converts the sine wave into a digital 
va j ues , 15 word at each preset number of degrees and transfers 

and means for storing a preselected number of cyclic digi^ word to said shift register. 

... . .. . , . . - 7. A utility monitor according to claim 6, wherein a 

vananons of said input sinewave voltage before phase locked ' loop including a v * ltage ^alte oscil- 

and after said interrupt output lator ^ utilized to mcrease the frequency of said zero- 

2. A utility monitor for detecting and storing power 1Q crossover pulses to a higher frequency of pulses needed 
line disturbances according to claim 1, wherein the to operate said analog-to-digital converter and said shift 
power line contains multi-phases of sine wave voltage register and to synchronize and lock in the higher fre- 
and a plurality of detecting means for obtaining an inter- quency to the line frequency. 

nipt, one for each phase of said power line and a plural- 8. A utility monitor according to claim 7, wherein a 

ity of means for storing a preselected number of cycles 25 counter is provided having a terminal count which is 

of said input sine wave voltage before and after said less than the number of cycles of voltage stored in said 

interrupt output, one for each phase of said multi-phases shift ^counter starting upon receiving an 

of sine wave voltage over-voltage or under-voltage interrupt signal from said 

3. A utility monitor according to claim 1, wherein ln ** . sw f >nd p *™f ^P^tors and stopping at 
. ' y " 8 : *' w " w ~" 30 said terminal count to stop the shift register clock pulses 

said timing means generator for generating strobe pulses md place ^ shift registC r in the recirculate standby 
includes a zero-cross-over pulse producing means for mode thereby providing digitized sinewave voltage 
producing a narrow pulse each time the sine wave volt- information before and after the over-voltage or under- 
age input crosses the zero axis and a 90* strobe pulse voltage interrupt signal, 
generator which delays the zero-cross-over pulse by a 35 



* # * * 
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45 
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55 



60 



65 
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